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Introduction: The Western Canada Waiting List Project (WCWL), a federally funded partnership of 19
organizations, was created to develop tools for managing waiting lists. The WCWL panel on hip and
knee replacement surgery was 1 of 5 panels constituted under this project. Methods: The panel devel-
oped and tested a collection of standardized clinical criteria for setting priorities among patients await-
ing hip and knee replacement. The criteria were applied to 405 patients in 4 provinces. Regression
analysis was used to determine the set of criteria weights that collectively best predicted clinicians’ over-
all urgency ratings. Inter-rater and test-retest reliability was assessed from 6 videotaped patient inter-
views, scored by orthopedic surgeons, related professionals and general practitioners. Results: The pri-
ority criteria accounted for over two-thirds of the observed variance in overall urgency ratings (adjusted
R2 = 0.676). The panel modified the criteria and weights based on the empirical findings and on clinical
judgement. The reliability of the priority criteria for the hip and knee replacement tool was among the
strongest of the 5 instruments developed in the WCWL project. Conclusions: The panel considered the
criteria easy to use and reasonably reflective of expert surgical judgement regarding clinical urgency for
hip and knee replacement. Further development and testing of the tool appears warranted.

Introduction : On a constitué le Projet sur les listes d’attente dans l’ouest du Canada (PLAOC), un
partenariat financé par le gouvernement fédéral et regroupant 19 organismes, afin de mettre au point
des outils de gestion des listes d’attente. Le groupe de l’arthroplastie de la hanche et du genou du
PLAOC était l’un des cinq groupes constitués dans le contexte du projet. Méthodes : Le groupe a mis
au point une série de critères cliniques normalisés d’établissement des priorités entre les patients qui at-
tendent de subir une arthroplastie de la hanche ou du genou et il en a fait l’essai. Les critères ont été ap-
pliqués à 405 patients de 4 provinces. On a effectué une analyse de régression pour déterminer l’ensem-
ble des critères de pondération qui, collectivement, prédisaient le mieux les indices d’urgence globale
des cliniciens. La fiabilité a été évaluée entre les évaluateurs et en vertu de la méthode du test-retest au
moyen de six entrevues de patients enregistrées sur vidéo, auxquelles des chirurgiens orthopédistes, des
membres de professions connexes et des omnipraticiens ont attribué des cotes. Résultats : Les critères
relatifs à la priorité ont compté pour plus des deux tiers de l’écart observé dans les indices d’urgence
globale (R2 = 0,676). Le groupe a modifié les critères et leur pondération en se fondant sur les résultats
empiriques et le jugement clinique. Les critères relatifs à la priorité de l’outil sur l’arthroplastie de la
hanche et du genou étaient parmi les plus fiables des cinq instruments mis au point dans le cadre du
PLAOC. Conclusions : Le groupe a jugé que les critères étaient faciles à utiliser et reflétaient assez
fidèlement le jugement chirurgical des experts en ce qui concerne l’urgence clinique d’une arthroplastie
de la hanche ou du genou. Il semble justifié de pousser plus loin le développement et l’essai de l’outil.
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Waiting lists for health care ser-
vices are a constant source of

public distress and political anxiety.
Equally troublesome is the prevalent
impression that waiting lists may not
be fair.1,2 A recent report concluded
that the management of waiting lists
across Canada is, in general,
“chaotic,” “non-standardized, capri-
ciously organized, poorly monitored,
and…in grave need of retooling.”3

As such, the authors conclude, it is
“impossible to…rationally manage
the patients on those lists.”3 And 
impossible, therefore, to guarantee
fairness.

Most broad classification systems
currently used to categorize patients
according to urgency for hip and
knee replacement are highly subjec-
tive and inadequate to assess and
compare urgency and case-mix of pa-
tients on waiting lists.

Priority criteria

In response to the need for better
management of waiting lists, an in-
creasing number of clinicians and
health authorities are adopting point-
count measures for assessing pa-
tients’ relative clinical urgency or pri-
ority.4 Similar point-count measures
are used in many medical settings to
assess severity of illness and risk of
adverse events (e.g., Apgar score,
APACHE score). Such measures
function statistically as additive or
linear models.5

Similarly, priority criteria estimate
severity of illness as an indicator of
urgency, although additional consid-
erations are often included, such as
whether patients’ illnesses are inter-
fering with their daily living. The
principal functions of priority criteria
are: (1) to guide decisions about the
relative urgency and order of surgery
and (2) to develop case-mix descrip-
tions. These descriptions can be used
to assess and compare waiting lists
across regions and over time.

A recent review of initial experi-
ence with priority criteria in several
countries endorsed this approach,

citing benefits such as greater trans-
parency, an equitable system and
provision of service led by clinical
need and in the control of clinicians.6

In initial work on the clinical va-
lidity of priority criteria in New
Zealand, regression analysis was used
to generate weights for sets of prior-
ity criteria, based on a comparison
with overall clinical judgement.7,8

However, the number of patients in-
cluded in most analyses was relatively
small. Recently, the WCWL used a
multifaceted approach to develop
priority criteria for general surgery,
using a larger patient sample to assess
clinical validity.9 The WCWL also as-
sessed reliability of the general
surgery priority criteria, (i.e., the ex-
tent to which raters arrive at the
same or similar ratings using the cri-
teria when evaluating the same or
similar patients). Otherwise, reliabil-
ity work with priority criteria appears
to have been limited. One study
found good agreement between the
priority scores assigned by general
practitioners and specialists to pa-
tients with hip or knee arthritis or
cataracts.10

The Western Canada Waiting
List Project

The WCWL was established with
a grant from Health Canada’s Health
Transition Fund to address some of
the problems in waiting list manage-
ment identified in the report of 
McDonald and colleagues.3 In partic-
ular, the project focused on develop-
ing, testing and refining clinician-
scored priority criteria capable of
assessing and comparing the relative
urgency of surgery for patients on
waiting lists.

The WCWL is a collaborative un-
dertaking by 7 regional health au-
thorities, 4 medical associations, 4
provincial ministries of health and 4
health research centres. Clinical pan-
els have been constituted to address
each of 5 specialty areas. This article
describes the experience of the hip
and knee replacement panel.

Materials and methods

The hip and knee replacement
panel comprised 7 academic and
community orthopedic surgeons, 3
family physicians, a geriatrician, a
physical therapist and a rheumatolo-
gist drawn from the 4 western Cana-
dian provinces. The panel was co-
chaired by the authors and was in
place from October 1999 to June
2000, with work extended beyond
this period under the guidance of the
WCWL Project Steering Committee.

The literature on major joint re-
placement and associated outcomes
was reviewed. At the initial meeting,
the panel elected to adopt the New
Zealand major joint replacement cri-
teria as a starting point. These were
incorporated into a priority criteria
form used by 9 panel members and 8
designated colleagues to score a se-
ries of consecutive patients in their
practices (Table 1). Data collection
was initiated in December 1999.

Participating clinicians assigned
each patient to the appropriate level
on each criterion (e.g., mild pain,
moderate functional limitations) and
rated the overall urgency for each pa-
tient on a 10-cm visual analogue
scale (VAS). The latter rating served
as the dependent variable in standard
linear regression analyses, which were
used to determine the statistically op-
timal set of weights on each criterion
to best predict (or to correlate with)
overall urgency. The regression
analyses were constrained to retain all
predictor variables (criteria) regard-
less of cross-correlations among cri-
teria.* Analyses were carried out for
the total sample of patients, as well as
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*In standard regression, predictor variables
are often dropped if they are significantly cor-
related with other, more highly predictive
variables. However, panellists wished to retain
all criteria to ensure adequate face validity,
even where significant correlations did exist
among criteria. Thus, for example, it would
probably be unacceptable from a clinical point
of view to remove explicit consideration of the
extent of pain from the questionnaire, even if
this factor tended to correlate with (or to be
“captured by”) scores on other items.



for a subgroup with primary hip or
knee replacement.

After interim analysis of 156 com-
pleted forms in January 2000, panel-
lists made several changes to the

form (Table 1, Jan. 29, 2000, revi-
sion). Data collection continued un-
til May 2000 using the revised form.

Inter-rater reliability was assessed
from 6 patient interviews that were

conducted by one of the authors
(G.A.) or a colleague, and video-
taped for later showing to panellists
and other clinicians. The interviews
incorporated physical examination
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Table 1

Summary of the Criteria and Score Development for the Western Canada Waiting List Project Hip and Knee Replacement
Priority Form

Revised tool
Jan. 29, 2000*

Pilot testing analysis (N = 405)
R2 = 0.681, R2 (adj) = 0.676†

Tool refinement
June 26, 2000

Criteria, items/levels No. % Score Weight Criteria, items/levels

1. Pain on motion* 405 100 1. Pain on motion
None 0 0 0

Mild 31 8 0
0 None/mild

Moderate 249 61 6 6 Moderate

Severe 125 31 13 13 Severe

2. Pain at rest* 405 100 2. Pain at rest
None 29 7 0 0

Mild 160 40 3 3

Moderate 191 47 8 8

Severe 25 6 11 11

No change

3. Ability to walk 405 100 3. Ability to walk without significant pain
> 20 blocks 13 3 0 0 > 5 blocks

11–20 blocks 25 6 0 0 1–5 blocks

5 –10 blocks 86 21 4 4 < 1 block

< 5 blocks 281 70 7 7 Household ambulator

4. Other functional limitations 405 100 4. Other functional limitations
No limitations 4 1 0 0 No limitations

Mild limitations 99 24 4 4 Mild limitations (able to do most activities
with minor modifications or difficulty)

Moderate limitations 218 54 11 11 Moderate limitations (able to do most
activities but with modification or
assistance)

Severe limitations 84 21 19 19 Severe limitations (unable to perform
most activities)

5. Abnormal findings (orthopedic only)* 401 100 5. Abnormal findings on physical
examination related to affected joint

None 16 4 0

Mild 122 30 0
0 None/mild

Moderate 178 44 5 5 Moderate

Severe 85 21 8 10 Severe

6. Potential for progression of disease‡ 183 100 6. Potential for progression of disease
documented by radiographic findings

None 16  9 0 0

Mild 70 38 4 4

Moderate 68 37 11 11

Severe 29 16 21 20

No change

7. Ability to work, give care to dependants,
live independently (difficulty must be
related to affected joint)

405 100 7. Threat to patient role and independence
in society

Not threatened or no difficulties 14  3 0

Not threatened but more difficult 145 36 0
0 Not threatened but more difficult

Threatened but not immediately 177 44 10 10 Threatened but not immediately

Immediately threatened or unable 69 17 21 20 Immediately threatened or unable

*These items were revised in January 2000. The original items and wording were as follows:
  Q1. Pain on motion: none; mild/slight/or occasional; mild–moderate; moderate; moderate–severe; severe.
  Q2. Pain at rest: none; mild/slight/or occasional; mild–moderate; moderate; moderate–severe; severe.
  Q5. Range of motion on examination: no restriction; mild restriction; moderate restriction; severe restriction.
  Q6. Other abnormal findings: none; mild; moderate; severe. (Q5 and Q6 were combined.)
  Q7. Multiple joint disease: none; multiple, mild–moderate; multiple, severe. (Deleted from criteria form.)
†Regression analysis based on 390 cases with complete data on all variables. In an analysis restricted to primary patients (n  = 308), R2 = 0.712, R2 (adjusted) = 0.706.
‡Based on 183 patients scored with the revised tool.



and radiographic evidence. These
cases were scored independently by
panel members and their colleagues
(including 14 orthopedic surgeons)
in June 2000. Inter-rater reliability
was assessed according to the intra-
class correlation coefficient (ICC). In
addition, panel members discussed
their scoring of 2 of the videotaped
interviews in a qualitative assessment
of the criteria.

Initial validity and reliability re-
sults were reviewed in June 2000,
resulting in minor modifications to
the criteria and regression weights to
improve clinical utility and face 
validity (Table 1, June 26, 2000, 
revision). Scores were apportioned
among items so that the total maxi-
mum achievable score, summing
across the most severe response cate-
gory for each criterion, was 100
points.

Further reliability data were col-
lected in December 2000 from 14
raters (8 orthopedic surgeons). Test-
retest comparisons were made with
the June reliability ratings, based on
responses from 11 raters (6 orthope-
dic surgeons). In addition, the
videotaped cases were rated inde-
pendently by 11 general practition-
ers in order to gain insight into the
utility of the priority criteria tool for
referring clinicians.

Results

Panellists agreed that the form
was easy to use and that the criteria
provided an accurate reflection of
how surgeons view the relative ur-
gency of their patients for hip or
knee replacement.

Table 1 provides a summary of
criteria and score development.
Based on the January 2000 interim
analysis of 156 completed forms, the
panellists deleted 1 item (multiple
joint disease), added “potential for
progression of disease” and com-
bined 2 questions (range of motion
and abnormal orthopedic findings).
The number of response categories
was reduced from 6 to 4 for ques-
tions on pain.†

The new item, “potential for pro-
gression of disease,” was added pri-
marily to cover patients whose previ-
ous joint replacement had failed and
needed surgical revision. Such pa-
tients score relatively low on pain
and functional disability yet are con-
sidered to be relatively urgent due to
worsening joint disease if the pros-
thesis is not revised in a timely 
manner. Participating clinicians con-
sidered these patients to be systemat-
ically “under-prioritized” by the ini-
tial criteria. Subsequent experience
showed that adding the “potential

for progression” criterion succeeded
in “levelling the playing field” for all
patients.

A total of 444 priority criteria
forms were submitted, of which 405
contained complete and usable data.
Optimal weights were inferred from
regression analysis as indicated in
Table 1. The R2 was 0.681 (adjusted
R2 = 0.676), indicating that the pri-
ority criteria accounted for approxi-
mately two-thirds of the statistical
variance in clinicians’ global urgency
ratings. The most powerful variables
in predicting urgency rating were:
(1) the combination of 2 pain items
(at motion and at rest), (2) potential
for progression, (3) ability to work
or look after dependants and (4)
functional limitations other than
walking. In subgroup analyses, the
adjusted R2 was 0.706 for primary
hip or knee replacement. The sub-
sample size was insufficient for re-
gression analysis on patients under-
going revisions.

Univariate Pearson r correlations
are presented in Table 2. The highest
correlation among predictors oc-
curred between the “abnormal find-
ings” and “potential for progression”
variables (0.75) as well as for the
“functional limitations” and social
role (“ability to work, give care to
dependants, live independently”) 
criteria (0.58). The relatively high
correlation between the latter set of
variables is what would be expected
with consistent scoring.

Reliability results for initial ratings
of the videotaped patient interviews
are depicted in the first column of
Table 3. In the June assessment, the
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†Appropriate adjustments were made in the
final regression analyses to accommodate
these changes. For Items 1 and 2, the cate-
gories “Mild, slight or occasional” and
“Mild–moderate” were combined into
“Mild,” “Moderate” and “Moderate–severe”
were combined into “Moderate.” Questions
5 and 6 were combined; the more severe
score of the 2 questions was entered. “Poten-
tial for progression of disease” was added as a
new item; data for cases scored before this
change were imputed using a linear regres-
sion model based on information obtained on
this item in subsequent cases.

Table 2

Correlation Matrix for Hip and Knee Replacement Criteria Using Pilot Testing
Data (N = 405)*

Criterion no.

Criteria
8

VAS for urgency† 1 2 3 4 5 6

1. Pain on motion 0.49

2. Pain at rest 0.48 0.47

3. Ability to walk 0.36 0.22 0.15

4. Other functional
    abnormalities

0.67 0.43 0.47 0.41

5. Abnormal findings 0.49 0.17 0.23 0.18 0.48

6. Potential for
    progression of disease

0.53 0.20 0.26 0.20 0.57 0.75

7. Ability to work, give
    care to dependants,
    live independently

0.63 0.40 0.41 0.36 0.58 0.30 0.32

*Correlations based on pairwise deletions.
†Dependent variable
VAS =  visual analogue scale.



VAS urgency ratings for the 6 pa-
tients had an excellent ICC value of
0.82 (0.85 for surgeons). One of the
7 criteria items had excellent reliabil-
ity (ICC > 0.75); 5 had fair to good
reliability; and 1 (potential for pro-
gression of disease) had poor reliabil-
ity. Similar reliability was observed for
the mixed group of clinicians and for
the subgroup of orthopedic surgeons.

Based on the results of the pilot
testing analysis and initial reliability
testing, panellists made minor
changes in the empirically derived
weights and in the content of the in-
strument (Table 1). They also arrived
at a series of recommendations con-
cerning the further testing and use of
the criteria.
• Criteria scores should be com-

pared to scores from other assess-
ment tools (e.g., WOMAC [West-
ern Ontario and MacMaster
Universities Osteoarthritis Index]).

• Priority criteria forms should also
be tested with general practitioners.

• A set of operational definitions
and instructions should be pre-
pared to accompany the criteria
prior to implementation.

They also recommended that pa-
tients should be reassessed with the
priority criteria at some point during
long waiting periods.

Further empirical work was under-
taken to assess the reliability of the re-
vised tool. The inter-rater reliability
findings from December 2000 were
similar to those of June 2000, with
“potential for progression of disease”
continuing to have low reliability.
Test-retest reliability was assessed,
based on input from 11 raters (6 or-
thopedic surgeons), who used the
priority criteria to score the same
cases at 2 points in time. Relatively
high intra-rater consistency in scoring
was observed over the 5- to 6-month
interval; 3 criteria had ICC values in
the excellent range and 3 in the fair
to good. The visual analogue rating
of urgency had an excellent test-retest
ICC value of 0.90 or greater.

Reliability was also studied with
11 general practitioners as raters
(Table 3). ICC values were quite
comparable to those for orthopedic
surgeons as well as raters from re-
lated clinical fields. The only item
that had lower reliability for general

practitioners was item 3 (ability to
walk without significant pain).

Discussion

Perhaps the most important find-
ing emerging from this project is that
orthopedic surgeons and other clini-
cians from the 4 western provinces in
Canada accepted and endorsed the
ability of clinical priority criteria to
reflect global expert judgements of
urgency. Based on discussions at
panel meetings, participants consid-
ered the criteria to have good face
validity and to be easy to use. As
such, the experiences reported here
add to the international literature
concerning physicians’ acceptance of
the validity and utility of clinical pri-
ority criteria. The R2 values from 
regression analyses obtained for the 
total sample and for the patients 
who underwent primary replacement
(0.676 and 0.706, respectively) are
well within the range observed in
other WCWL criteria and in New
Zealand criteria.

Like other WCWL panels, the hip
and knee replacement panellists
wished to incorporate within the
purview of the criteria all patients
awaiting hip or knee replacement
surgery, including both primary re-
placements and revisions. Panellists’
initial experience with the criteria re-
vealed that patients in need of revi-
sion did not score sufficient points to
reflect surgeons’ judgements of ur-
gency. Addition of a “potential for
progression” criterion appeared to
correct this situation.

The WCWL hip and knee replace-
ment criteria are designed to be
completed by health professionals,
unlike other assessment forms used
in this field, notably the WOMAC,
which is designed to be completed
by patients. WOMAC scores were
collected on a subset of patients dur-
ing the WCWL project, and further
analyses incorporating this tool will
be reported in a separate paper. Such
a comparison was proposed by the
panel, as noted above.
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Table 3

Inter-rater and Test-Retest Reliability of the Hip and Knee Replacement Priority
Criteria

Reliability, ICC for all raters (and orthopedic
surgeons)*

Criteria

Inter-rater
(June 2000),
n = 19 (14)

Inter-rater
(Dec. 2000),

n = 14 (8)
Test-retest,†

n = 11 (6)

Inter-rater
(Jan. 2001),
n = 11 (0)‡

1.  Pain on motion 0.63 (0.65) 0.51 (0.65) 0.60 (0.71) 0.70

2.  Pain at rest 0.83 (0.83) 0.81 (0.78) 0.86 (0.82) 0.81

3.  Ability to walk without significant
pain§ 0.74 (0.72) 0.87 (0.84) N/C 0.71

4.  Other functional limitations 0.71 (0.69) 0.68 (0.76) 0.74 (0.71) 0.68

5.  Abnormal findings on physical
examination related to affected
joint§ 0.75 (0.73) 0.69 (0.74) 0.82 (0.80) 0.78

6.  Potential for progression of
disease documented by
radiographic findings§ 0.38 (0.47) 0.25 (0.26) 0.70 (0.64) 0.56

7.  Threat to patient role and
independence in society§¶ 0.63 (0.61) 0.70 (0.74) 0.82 (0.79) 0.75

8.  VAS urgency 0.82 (0.85) 0.72 (0.73) 0.90 (0.92) 0.70
*Unless indicated otherwise.
†Test-retest interval was 5–6 mo (June–December 2000). N/C = not computed since response categories were different in June
and December.
‡General practitioners
§Items were worded slightly differently in the June and December versions.
¶For the test-retest analysis, responses for the June version were coded into 3 levels.
VAS = visual analogue scale.
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The reliability of the priority crite-
ria for the hip and knee replacement
tool was among the strongest of the 5
instruments developed in the WCWL
project. This was observed for ratings
by a mixed group of clinicians, by or-
thopedic surgeons and by general
practitioners. The reliability results
suggest that clinicians using the in-
strument can achieve good inter-rater
agreement and good intra-rater stabil-
ity in scoring over time. The creation
and use of 6 videotaped interviews of
actual patients provided an excellent
source of standard material to assess
reliability. No special effort was made
to standardize the rating process, such
as by providing examples of patients
conforming to “mild pain,” or to pro-
vide specific definitions of the various
levels within each criterion. As such,
the observed results represent a
“worst case” scenario, which can al-
most certainly be improved upon with
practice and clarification of terms.

It has not yet been demonstrated
in any definitive way that the
weighted scores will actually rank 
patients in the appropriate order of
priority, based on clinical urgency.
Ideally, such demonstration would
follow patients over time and com-
pare health outcomes (e.g., reduc-
tion in pain) of patients who wait
varying lengths of time. When such
studies are performed, measures sim-
ilar to the priority criteria described
in this article would be suitable for
capturing outcomes.

A number of operational chal-
lenges can be foreseen with the use
of priority criteria for scheduling of
surgery. For example, patients with
relatively minor (but still significant)
arthritis will always score lower than
patients with more symptomatic, se-
rious conditions. As new, high-scor-
ing patients are seen, low-scoring pa-
tients will never reach the top of the
list. This problem could be addressed
by adding points to the scores of pa-
tients simply for time spent waiting.
However, this could lead to a differ-
ent problem, with patients having
less severe conditions regularly

“bumping” patients with more se-
vere conditions. It was for this reason
that all WCWL panels decided
against incorporating time for wait-
ing into the criteria.

Another issue, raised regularly
during the project, concerned the
possibility that patients and clinicians
would “game the system” by virtue
of knowing how the point system
works. These concerns need to be
addressed through careful monitor-
ing, use of standard raters or other
techniques. However, the current
chaotic and unregulated system can
in most areas be easily gamed, with-
out the possibility for audit.

It is hoped that further develop-
ment will lead to an instrument that
can be widely used for prioritization
and case-mix description of patients
on waiting lists for hip and knee re-
placement. It is imperative that such
an instrument be developed to permit
assessment and accountability — and,
ultimately, fairness — in the context
of orthopedic waiting lists. Moreover,
criteria such as those described in this
article could potentially be used more
broadly within orthopedics to include
assessments of urgency of patients
with conditions other than major
joint arthritis. Such service-wide use
of orthopedic criteria has been at-
tempted in New Zealand, although
the results of these efforts have not
been published.
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